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Abstract
The Las Sereas site includes at least 14 ichnological outcrops along 5.6 km, in the Lara area, southwest Burgos Province. 67 ichnites of 
dinosaurs are documented at Las Sereas 7, identified as theropod and sauropod trackways occurring in shallow carbonates of lacustrine en-
vironment. Sauropod trackways have intermediate-gauge and low heteropody, and show different anatomical features to other tracks found 
in the ichnological record, especially in the disposition and orientation of pes digits. They are similar to Polyonyx from the Middle Jurassic 
of Portugal. However, since they do not preserve reliable manus data they are classified as aff. Polyonyx. The three sauropod trackways are 
related to the same kind of trackmaker. They differ from each other only in size, and gregarious behavior has not been detected. Analysis of 
these trackways reveals changes in travel direction even when there are few tracks in each sequence. At the Las Sereas 7 tracksite, the pace 
length (PL), width of the angulation pattern (WAP) and the WAP/PL ratio and depth analysis via photogrammetry show a direction change 
in two sauropod trackways. This tracksite and that at La Pedraja are unique in the Tithonian-Berriasian interval of the Iberian Peninsula that 
occur in a lacustrine environment, and could be indicate of the relationship between the diversity of Iberian, Tithonian-Berriasian sauropod 
tracks and sedimentary environments.
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Resumen
El yacimiento de Las Sereas se compone de al menos 14 afloramientos icníticos que se localizan a lo largo de 5,6 Km de longitud en la 
comarca de Lara, en el sureste de la provincia de Burgos. En el afloramiento de Las Sereas 7 se han documentado 67 icnitas de dinosaurios, 
identificadas como terópodas y saurópodas, producidas en un ambiente lacustre carbonatado somero. Las rastros saurópodos son de anchura 
intermedia y heteropodia baja mostrando caracteres anatómicos diferentes a los encontrados en el registro icnológico conocido, en especial 
en lo referente a la disposición y orientación de los dedos del pie. La mayor semejanza de estas icnitas saurópodas se establece con Polyonyx 
del Jurásico Medio de Portugal, pero al carecer de datos fiables sobre la anatomía de las manos en Las Sereas, clasificamos estas icnitas de 
Burgos como aff. Polyonyx. Los tres rastros saurópodos de Burgos se atribuyen a un mismo icnopoyeta, diferenciándose entre sí sólo por 
el tamaño, y sin que se haya detectado un comportamiento gregario. En el estudio de estos rastros pueden recogerse datos que informen 
sobre trayectos con cambio de dirección, incluso cuando lo que se conserva es una serie relativamente corta de pasos. En Las Sereas 7 la 
combinación de los valores de varios parámetros - longitud de paso (PL), pauta de anchura de angulación (WAP) y relación WAP/PL -  y 
el estudio de la profundidad de las icnitas por fotogrametría permiten interpretar un cambio de dirección en dos de los rastros saurópodos. 
Este yacimiento y el de La Pedraja son los únicos conocidos en el registro del intervalo Titoniense-Berriasiense de la Península Ibérica que 
se formaron en un medio lagunar. En este sentido, podría haber una relación entre la diversidad de icnitas saurópodas ibéricas del intervalo 
Titoniense-Berriasiense y la presencia de éstas en distintos medios sedimentarios.
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1. Introduction
In the Iberian Peninsula, the dinosaur ichnological record 
of Tithonian-Berriasian (Jurassic-Cretaceous transition) in-
terval is abundant. Tracksites have been found in the Titho-
nian of Portugal (e.g., Santos, 2003; Mateus and Milàn, 2008, 
2010), and in the Tithonian-Berriasian interval (e. g., Torcida 
Fernández-Baldor et al., 2001, 2012; Castanera et al., 2010a; 
2011) and the Berriasian (e. g., Casanovas et al. 1992; 1995a; 
1995b; 1995c; Pascual-Arribas et al., 2008; Castanera et al., 
2010b; 2012) of the Iberian Range in Spain.
Some authors have suggested that there are differences 
between Jurassic and Cretaceous dinosaur ichnofaunas (e. 
g., Lockley et al., 2004; Hunt and Lucas, 2006; Moratalla, 
2009). For example, Hunt and Lucas (2006) considered that 
ornithopod tracks are more abundant in Cretaceous outcrops. 
Lockley et al. (2004) observed that narrow-gauge sauropod 
trackways are predominant in Jurassic units and wide-gauge 
in the Cretaceous ones. Therefore, the study of Tithonian-
Berriasian interval tracksites from Iberia is important for un-
derstanding dinosaur evolution.
La Pedraja is the only tracksite analyzed in detail in the 
Tithonian-Berriasian of the Cameros basin (Platt and Meyer, 
1991; Torcida Fernández-Baldor et al., 2001). Torcida Fer-
nández-Baldor et al. (2012) published a preliminary study of 
13 tracksites, called Las Sereas in which La Pedraja tracksite 
is included, showing its potential importance for the Titho-
nian-Berriasian interval dinosaur ichnodiversity. Las Sereas 
7 presents sauropod trackways with different morphological 
features from other ichnotaxa described in the literature, es-
pecially at the same time interval. The aims of this paper are 
to describe in detail the Las Sereas 7, one of the tracksites in 
the Tithonian-Berriasian of the Cameros basin (Rupelo Fm.) 
(Platt, 1986), to discuss the ichnotaxonomy of the quadru-
ped and biped trackways, and to compare them with similar 
ichnofaunas from Tithonian-Berriasian interval in the Iberian 
Peninsula.
2. Geographical and Geological Setting
Las Sereas 7 tracksite is located in SW of Burgos Province, 
close to the road (BU-V-8207) connecting Quintanilla de las 
Viñas with the road N-234 (Fig. 1). The tracksite together 
with La Pedraja tracksite is part of the Las Sereas outcrop, 
extending 5.6 Km from Quintanilla de las Viñas to Mambri-
llas de Lara villages (Torcida Fernández-Baldor et al., 2006; 
2012) and exposes a limestone unit known as Rupelo Fm. 
(Platt, 1986; Platt, 1989; Clemente, 2010). Las Sereas 7 oc-
curs in the uppermost bed of the Rupelo Fm. which is over-
lied by the red mudstones.  
The Rupelo Fm. is characterized by palustrine limestones 
with abundant intraclastic breccias, peloidal texture, pseu-
domicrokarst, root marks, and limnic fossils like charophytes, 
ostracods, and gastropods (Platt, 1989). The deposits are in-
terpreted as a low gradient lake margin that exposed/inun-
dated large areas with slight changes in water level. Similar 
examples have been described in the Cenozoic deposits of the 
Duero and Tajo basins (Alonso-Zarza, 2003; Alonso-Zarza et 
al., 1992; Huerta and Armenteros, 2005; Huerta et al., 2011).
The age of the Rupelo Fm. and equivalents stratigraphic 
units proposed by other authors is assigned to the Tithonian-
Berriasian interval (Martín-Closas and Alonso Millán, 1998) 
on the basis of charophyte biostratigraphy. The formation 
contains dinosaur bone remains as well (Torcida Fernández-
Baldor, 1996; Torcida Fernández-Baldor et al., 2008). 
3. Material, methods, and nomenclature
The Las Sereas 7 tracksite shows 67 tracks in six track-
ways, made by three bipeds and three quadrupeds, in a small 
outcrop (72 m2). This outcrop was excavated and cleaned in 
the summer of 2010 and initially revealed 45 dinosaur tracks. 
The tracksite was cross-linked and photographed to create 
an ichnological map. In 2011, the tracksite was restored and 
protected within an enhancement project. In 2013 a new part 
of the outcrop was excavated and 22 new dinosaur tracks 
were obtained, some of them being continuations of previ-
ously identified trackways. 
The tracks are arranged in six trackways belonging to three 
quadrupeds and three bipeds, and there are several isolated 
tracks as well (Figs. 2, 3). The 67 dinosaur tracks recognized 
were labeled according to previous convention (e.g., Casano-
vas Cladellas et al., 1989; Pérez-Lorente, 2003) as follows: 
first, the tracksite identification (e.g., LS7); second, the track-
way (e.g., B); third, separated by a comma, the footprint (e.g., 
3); and fourth in quadruped footprints, pes or manus (e.g., p 
or m). For instance, LS7B,3p is the pes impression of the third 
pes impression of trackway B of tracksite LS7 (Las Sereas 7). 
The measurements and nomenclature used in this study 
are mainly based on the work of Haubold (1971), Casanovas 
Cladellas et al. (1989), Thulborn (1990), and Pérez-Lorente 
(2001). Several measurements were made (Tables 1, 2, 3): 
footprint length (FL), footprint width (FW), digit length 
(DLII, III, IV), digit angulation (III^IV, II^III, II^IV), foot-
print rotation (FR), pace length (PL), stride length (SL), in-
ner and outer trackway width (iTW–eTW), pace angulation 
(ANG), manus–pes distance (Dm–p), width of the angulation 
pattern (WAP), and glenoacetabular distance (Dga), sensu 
Leonardi (1987). The heteropody was calculated with the 
heteropody index (HI) using the formula of González Riga 
and Calvo (2009): HI = [(Lm×Wm)/(Lp×Wp)]*100, and 
with the manus–pes area ratio (H) of Lockley et al. (1994a). 
In addition, to quantify the trackway gauge, the pes and 
manus trackway ratio (PTR and MTR) was calculated as TR 
= (FW/eTW) 100 (Romano et al., 2007) along with the WAP/
PL ratio (Marty et al., 2010). The hip height (h) and the lo-
comotion speed (v) were estimated using Alexander’s (1976) 
formulas: h = 4FL (quadrupeds), v = 0.25g0.5 x SL1.67x h-1.17 
and Thulborn’s (1990) formula: h = 3.14 x FL1.14 (theropods). 
All parameters are given and compared in cm, except FR and 
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ANG (in degrees), H (adimensional), HI, PTR and MTR (in 
%), and locomotion speed (in km/h).
The photogrammetric images (Falkingham, 2012) were 
obtained using Agisoft PhotoScanTM (version 0.8.5.1423) 
software (Grupo Aragosaurus, Universidad de Zaragoza Li-
cense) both for quadruped and tridactyl tracks with the aim 
of studying the track morphology through depth maps and 
contour lines. This method provides for an accurate study of 
the print depths, which are not easily discernible using tra-
ditional methods (mainly because the tracks have large rims 
and the surface is irregular). Photogrammetric models were 
also imported into MeshlabTM  (http://meshlab.sourceforge.
net/) for scaling and ParaviewTM (http://www.paraview.org/) 
to generate false-color maps and contour lines. 
4. Description of Las Sereas 7 dinosaur tracks
4.1 Biped dinosaur trackways
Trackway LS7D 
LS7D has seven large, tridactyl and mesaxonic footprints 
aligned east-west (Figs. 2, 3, 4). They are longer than wide 
(FL: 43 cm, FW: 34 cm; Table 1) and the digit impressions 
are forwardly directed. Well-preserved footprints, LS7D,1 
and LS7D,4, are characterized by having longer than wide 
digit impressions with pointed distal ends and some pad im-
pressions in each digit. The angle between digits II and III 
is smaller than between III and IV. The heel impression is 
asymmetric bilobed and is formed by the proximal pads of 
digit II and IV: IV biggest than II and backward situated 
what yields an indentation in the inner side of the footprint. 
The other footprints of LS7D are deformed, poorly-pre-
served, or have obliterated digit marks. The LS7D,4 track is 
approximately 10 cm deep. 
The trackway is very narrow, according to the ratio be-
tween iTW/FW (0.3) (sensu Pérez-Lorente, 2001). The track-
maker would have had thick limbs (SL/FL= 4.8) and would 
have walked (SL/H= 0.83) with a speed average of 3.5 km/h 
(sensu Pérez-Lorente, 2001).
Trackway LS7E 
LS7E consists of three large, tridactyl and mesaxonic foot-
prints that are oriented east-west (Fig. 2). They have longer 
than wide digit impressions with acuminate distal ends and 
bilobed heel impressions. The footprints are longer than 
wide (43 cm of length and 33 cm of wide; see Table 1). They 
are fairly deformed and LS7E,3 show very elongated digit 
impressions due to mud collapse structures. 
Fig.1.- Geographical and 
geological setting of 
Las Sereas 7 tracksite.
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Trackway LS7F 
This probable trackway has three, non-consecutive, large, 
tridactyl and mesaxonic footprints. These footprints are long-
er than wide, with short digit impressions and a rounded dis-
tal end (Fig. 2; Table 1). The heel impressions are broad, with 
rounded contours. They are very shallow and their general 
contour line is not clear. The trackway is directed northwest.
4.2. Quadruped dinosaur trackways
Three of the sauropod trackways that have been identified 
show similar features; two of them are equal size, and the 
third is smaller and poorly preserved. 
Trackway LS7A
The trackway LS7A comprises 20 tracks aligned northeast 
to southwest (Fig. 2; Table 2) and forming a smooth curve 
to the right in the forward direction. Pes prints are longer 
(from 54 cm to 66 cm) than wide (from 39 cm to 50 cm), 
with subrectangular shape and the posterior edge slightly 
protruding. They have four claw marks occupying the en-
tire width of the anterior zone, with the external claw (claw 
IV) located laterally and the internal claw (claw I) medially. 
Claw mark I is more proximal than the others, is smaller than 
claw mark II and III, and is forward-directed; claw mark II is 
also forward-directed, while III and IV are laterally-oriented 
(Figs. 3, 4, 5). The manus prints are roughly symmetrical, 
wider (from 36 cm to 46 cm) than long (from 21 cm to 37 
cm). Shape is variable, kidney- or crescent-like, determined 
by the partial obliteration by mud displaced by the hind limb 
impression. Another observed morphology, oval and wider 
than long, is considered to better record the real shape of 
the hand (LS7A, 7m, 8m and 10m). In the LS7A,8m and 
LS7A,10m manus prints, three to four forwardly directed 
digit impressions have been preserved. The manus prints are 
farther from the midline than the pes prints. The glenoa-
cetabular distance is about 180 cm.
Track rotations show very variable values, between 7º and 
33º for pes, and between 22º and 30º for manus prints. These 
values and the pace angulation values decrease in the middle 
of the trackway. The pace angulation is higher in the first part 
of the trackway, in the middle part decreases, and increases 
apparently at the end (varies between 85 ° and 105 °). Ac-
cording to Castanera et al. (2012) these changes are consist-
ent with a turning trackway.
The speed values  correspond to a slow walk (from 1.3 to 
1.8 Km/h), and there is no significant variation along the 
trackway. The heteropody value is 1:2.5 and the heteropody 
index 41%, corresponding to low values  in the two cases. 
Pes prints are deeper than manus prints, although in LS7A, 6 
(Fig. 4, Table 2) both have about 20 cm deep.
This trackway is narrow-gauge at the beginning part and 
middle in the rest. The PTR value (Romano et al., 2007) of 
43.9%, corresponds to middle gauge trackway. The WAP/
PL value of 0.59 suggests a narrow gauge trackway accord-
ing to Marty (2008). There are published trackways with 
changes in gauge along turns. For example, in the turning 
area the trackway gauge is narrow, and in the straight part is 
middle or wide (Castanera et al., 2012). For LS7A, the turn-
ing is continuously to the right, but in the final part of the 
trackway it is difficult to determine if turning is constant or 
is more or less pronounced.
Trackway LS7D FL FW DLII DLIII DLIV III^IV II^III II^IV PL SL 
LS7D, 1 49 35 12 27 20 2º 22º 24º - -
LS7D, 2 37 32 10 17 10 1º 35º 36º 112 212
LS7D, 3 40 - - - - - - - 104 187
LS7D, 4 46 - 18 23 - - 44º - 92 179
LS7D, 5 - - - - - - - - 105 194
LS7D, 6 (35) (41) - - - - - - 102 190
LS7D, 7 - (33) - - - - - - 107 -
AVERAGE 43 34 13 22 15 2º 34º 30 104 192
Trackway LS7D iTW eTW FR ANG iTW/FW DLIII /FL SL/FL h v (km/h)
LS7D, 1 0.55 265
LS7D, 2 10 50 4º 157º 0.3 0.46 5.7 193 4.6
LS7D, 3 15 58 - 145º - - 4.7 211 3.3
LS7D, 4 19 73 4º 133º - 0.5 3.9 247 2.6
LS7D, 5 19 76 - 138º - - - - -
LS7D, 6 21 84 - 129º 0.5 - (5.4) (181) (4.1)
LS7D, 7 - - - - - - - - -
AVERAGE 17 (68) 4º 140º 0.3 0.5 4.8 229 3.5
Table 1.- Measurements of biped trackways from Las Sereas 7 (Burgos, Spain). Footprint length (FL), footprint width (FW), digit 
length (DLII, III, IV), digit angulation (III^IV, II^III, II^IV), pace length (PL), stride length (SL), inner and outer trackway width 
(iTW–eTW), footprint rotation (FR), pace angulation (ANG), hip height (h) and speed value by the Alexander’s (1976) formula 
(V).
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Fig.- 2. a) Schematic map of the Las Sereas 7 tracksite; the arrows indicate the direction of progression of each trackway, and the 
outer lines the limits of the excavactions. b) Detail of the trackways LS7A and LS7B. The fine lines inside and around the tracks 
indicates respectively the collapsed and displaced mud. 
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Trackway LS7B 
 LS7B is a quadruped trackway with 12 tracks, oriented 
north-south (Fig. 2). Morphological characteristics are very 
similar to those described in LS7A trackway which crosses 
LS7B (Figs. 2, 3). The manus prints LS7B,5m and LS7B,6m 
appear under LS7A,6p and LS7A,7p pes prints, respective-
ly, therefore trackway LS7A was marked after LS7B.  
The trackmaker of LS7B had a slightly higher than LS7A 
(pes print length 63 cm, width 43  cm) (Table 3). The pes-
print shapes, subrectangular, and the size and position of the 
four claw marks are similar to the trackway LS7A described 
above. The manus prints of LS7B are kidney-shaped or sem-
icircular, with digit impressions on LS7B,2m. Heteropody 
value between pes prints and manus prints is low, 1:2.5. The 
glenoacetabular distance is 219 cm. Pes prints are deeper 
Trackway LS7A FL FW PL SL iTW eTW FR ANG Dm-p
LS7A, 1 p/m 61 / 30 41 / 36 64
LS7A, 2 p/m 66 / - 39  / - 86 / 86 132 / 116 7/45 100 / 111 33º / 30º 105º / 67º 50
LS7A, 3 p/m 61 / 21 46 / 39 82 / 118 141 / 138 11/52 102 / 111 13º / 25º 101º / 75º 50
LS7A, 4 p/m 54 / 21 41 / 36 93 / 113 123 / 128 18 / - 107 / 114 18º / 22º 90º / 75º 39
LS7A, 5 p/m 57 / 36 39 / 46 80 / 114 120 / 134 18 / - 104 / 109 7º / 23º 89º / 71º 54
LS7A, 6 p/m 61 / - 46 / - 91 / 123 118 / 130 18 / - 111 / 121 16º / - 85º / 63º 57
LS7A, 7 p/m 61 /37 50 / 41 84 / 125 130 / 140  - / - 113/ 115 22º/33º 95º / 77º 64
LS7A, 8 p/m 66/ 31 38 /  40 87 / 100  - / 121  - / -  - / 125  - / -  - / 68º 58
LS7A, 9 p/m  - /  27  - /  42  - / 117  - / - - / 92  - / -  - / -  - / -  - / -
LS7A, 11 p/m  - / 27  - / 35  - / -   - / 115 - / - - / - - / -  - / -
AVERAGE 60/ 29 43/ 40 86/112 127/128 14 / 63 106 / 115 18º / 27º 94º / 71º 55
Trackway LS7A H HI PTR MTR WAP WAP / PL h v (km/h)
LS7A, 1 p/m 1: 2.3 43 - - 244 -
LS7A, 2 p/m - - 46.4 18.9 53  / 80 0.62 264 1.4
LS7A, 3 p/m 1: 3.4 29 46.5 32.8 61  / 93 0.74 244 1.8
LS7A, 4 p/m 1: 2.9 34 42.5 - 61 / 89 0.66 216 1.6
LS7A, 5 p/m (1: 1.3)* (74)* 38.3 - 66 / 100 0.66 228 1.5
LS7A, 6 p/m - - 46 - - / - - 244 1.3
LS7A, 7 p/m 1: 2 50 - - 58 / - 0.69 244 1.5
LS7A, 8 p/m 1:2 49 - - -/ 88 - 264  - 
LS7A, 9 p/m - - - - - / - - -  - 
LS7A, 11 p/m - - - - - / - - -  - 
AVERAGE 1: 2.5 
except *
41 % 
except *
43.9 25.8 60 / 90 0.67 244 1.5
Trackway LS7B FL FW PL SL iTW eTW FR ANG Dm-p
LS7B, 1 p/m - - - - - - - - 56
LS7B, 2 p/m 78 / 35 48 /21 83 /  102 171 / 177 3 /46 100 / 109 34º /30º 123º / 95º 62
LS7B, 3 p/m 65 / 29 37 / 38 117 / 135 156 / 154 19 /21 104 / 113 8º / 5º 74º / 85º 62
LS7B, 4 p/m 54 / 25 44 / 34 77 /  90 146 / - 19 / - 106 / - 28º / - 100º / - 60
LS7B, 5 p/m 60 / 21 44 / 31 113 / - 150 / - 13 / - 106 / - 12º / - 102º / - -
LS7B, 6 p/m 58 / - - / - 79 / - - / - - / - - / - - / - - / - -
LS7B, 7 p/m - / - - / - - / - - / - - / - - / - - / - - / - -
AVERAGE 63 / 28 43 / 31 94 / 109 156 / 166 13.5 / 34 104 / 111 21º / 18º 100º / 90º 60
Trackway LS7B H HI PTR MTR WAP WAP / PL h v (km/h)
LS7B, 1 p/m - - - -
LS7B, 2 p/m 1:5.1* 20* 56.3 32.5 50 / 75 0.6 312 1.8
LS7B, 3 p/m 1: 2.2 46 34.1 31.3 54 / 75 0.46 260 1.9
LS7B, 4 p/m 1: 2.8 36 57 - / - 60 / - 0.78 216 2.1
LS7B, 5 p/m 1: 4.1* 25* 43.2 - / - 58/ - 0.51 240 2
LS7B, 6 p/m - - / - - / - - / - - - 232 -
LS7B, 7 p/m - - / - - / - - / - - / - - - -
AVERAGE 1 : 2.5 
except*
41
except*
47.6 31.9 56 / 75 0.59 252 2
Table 2.- Measurements of quadruped trackway LS7A from Las Sereas 7 (Burgos, Spain). Abbreviations as in table 1, and in addition: manus–pes 
distance (Dm–p), heteropody (H) and heteropody index (HI), pes trackway ratio (PTR), manus trackway ratio (MTR), width of the angulation 
pattern (WAP),. All parameters are given and compared in cm, except FR and ANG in degrees, heteropody, H (adimensional), HI, PTR and 
MTR in %, and locomotion speed value in km/h.
Table 3.- Measurements of quadruped trackway LS7B from Las Sereas 7 (Burgos, Spain). Abbreviations as in tables 1 and 2.  
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subrectangular, with 4 claw marks with similar shape and 
position to LS7A and LS7B trackways. Manus prints are 
kidney-shaped without claw marks.
5. Discussion
5.1. Ichnotaxonomy
The footprints of biped trackways LS7D and LS7E are 
better preserved than LS7F. They are mesaxonic and tridac-
tyl footprints, whose digit impressions are elongated and in-
dividualized, with some pad impressions in each digit, and 
with pointed distal ends. The heel impressions are bilobed, 
formed by the proximal pads of digits II and IV, with IV 
more backward than II. The footprints are longer than wide 
(15 to 20 cm) than the manus prints in which the depth is 
very variable (Fig. 3, 4).
The trackway has intermediate gauge (PTR value: 47.6). 
The distances between the right and left pes prints are clear-
ly shorter than between left and right pes prints (Table 3, 
Figs. 2, 3). The rotation values  of left and right pes prints 
differ significantly. In addition the right footprints are deeper 
than the left. 
Trackway LS7C
LS7C is a quadruped trackway which manifests six tracks, 
with some intermediate footprints missing. They show 
southwest-northeast progress (Fig. 2). The pes print length 
and width averages are 54 cm and 38 cm. Pes prints are 
Fig. 3.- a) Picture of a part of the sauropod trackways LS7A and LS7B. b) Picture of a part of the sauropod trackway LS7B. c) Picture of sauropod 
track LS7B,5p. d) Picture of sauropod track LS7A, 6p. e) Picture of sauropod track LS7A,8m. f) Picture of theropod track LS7D,1. g) Picture 
of theropod track LS7D, 4. h) Picture of theropod track LS7D,5. Scale bar = 8 cm.
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gular shape and four claw marks. Claw mark I is smaller 
and more backwardly than the others. Claw marks I and II 
are forwardly oriented and III and IV are slightly rotated 
laterally. The manus prints are not well-preserved. They are 
roughly symmetrical, wider than long, and have oval shape. 
In the best examples, they show three to four forwardly digit 
impressions (Fig. 3c, d). The trackways are narrow-gauge 
according to the WAP/PL= 0.67 <1 value (Marty, 2008), or 
intermediate-gauge considering the PTR= 43.9 and 47.6 < 
50% value (Romano et al. 2007), and have low heteropody 
(1:2.5).
The Las Sereas 7 quadruped trackways are different from 
thyreophoran trackways. In stegosaurian ichnotaxa such as 
Stegopodus Lockley and Hunt, 1998 and Deltapodus Whyte 
and Romano, 2001, pes prints are mesaxonic, with a triangular 
contour and three digit impressions forward-oriented (sensu 
with oval enclosure. These features are common to the pro-
posed definition of theropod footprints (Romero Molina et 
al., 2003). In addition, the LS7D trackway is very narrow 
(iTW/FW 0.3; Table 1), typical of theropod trackways ac-
cording to Pérez-Lorente (2001). However, the footprints 
are not sufficiently well preserved to assign them to a known 
ichnotaxon. Therefore, we classified LS7D and LS7E as in-
determinate theropod footprints.
The other biped trackway, LS7F, is characterized as tridac-
tyl, mesaxonic, with broad heel impression and short digit 
impressions. We consider them to be undertracks, and these 
features could be the result of extramorphological or tapho-
nomical processes. Consequently, we classified these foot-
prints as indeterminate tridactyl dinosaur footprints. 
The three quadruped trackways are very similar to each 
other. The pes prints are longer than wide, with subrectan-
Fig. 4.-  a) Picture, b) false-color depth map of the photogrammetric model and c) contour lines map with 0.5 cm of equidistance of a part of the 
sauropod trackways LS7A and LS7B. d) Picture, e) false-color depth map of the photogrammetric model and f) contour lines map with 0.5 cm 
of equidistance of a part of the sauropod trackway LS7B. g) Picture, h) false-color depth map of the photogrammetric model and i) contour lines 
map with 0.25 cm of equidistance of theropod track LS7D,4. 
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Lockley and Hunt, 1998; Whyte and Romano, 2001). In Del-
tapodus, the manus prints are broadly crescent-shaped with 
an occasional development of the pollex impression (Whyte 
and Romano, 2001), and subtriangular in shape with the apex 
forming the posterior heel impression in Stegopodus (Lock-
ley and Hunt, 1998). In ankylosaurian ichnotaxa, as Metate-
trapous Nopcsa, 1923 and Tetrapodosaurus Sternberg, 1932, 
pes prints are tetradactyl with forward-oriented digit impres-
sions and a subtriangular contour shape (e.g., McCrea et al., 
2001; Hornung and Reich, 2014). Manus prints have four (in 
Metatetrapous) or five (in Tetrapodosaurus) well-developed 
triangular-shaped digit impressions, three forward-oriented 
and two backward (sensu McCrea et al., 2001; Hornung and 
Reich, 2014).  Nevertheless, the Las Sereas 7 pes prints are 
tetradactyl, with a subrectangular contour and with digit I and 
II impressions forwardly oriented and III and IV impressions 
laterally curved. The well-preserved manus prints are ellipti-
cal and have 3-4 digits, with poorly developed impressions 
that are forwardly directed. 
We relate the quadruped tracks studied in this paper to sau-
ropod tracks: pes prints with four claw impressions, two of 
them laterally curved, and manus prints with forwardly-ori-
ented digit impressions that are not well-developed (Wright, 
2005). In the following lines, we compare these quadruped 
tracks with the main valid sauropod ichnotaxa (sensu Lock-
ley et al., 2004; Marty et al., 2010). 
The Las Sereas 7 tracks differ from Breviparopus taghba-
loutensis Dutuit and Ouazzou, 1980 (Upper Jurassic, Moroc-
co) whose features are trackway gauge (PTR=51,48), high 
heteropody (1:3,5 - 5), subelliptical-shape pes prints and kid-
ney-shaped manus prints whose claw marks are all laterally 
oriented (Fig. 5e). The Las Sereas 7 tracks are narrow-gauge, 
have a heteropody value of 1:3.6, and have a subrectangular 
pes print with two digits forwardly oriented and other two 
laterally, (Dutuit and Ouazzou, 1980; Nouri, 2007; Wright , 
2005; Marty et al., 2010).
Parabrontopodus mcintoshi Lockley, Farlow, and Meyer, 
1994 (Upper Jurassic, USA) is characterized by narrow-
gauge, elliptical-shape pes print impressions with well-
preserved claw and digit marks laterally oriented and high 
heteropody (1:4-1:5), (Fig.5f) (Lockley et al., 1994a; Marty 
et al., 2010). Las Sereas 7 tracks have intermediate-gauge, 
subrectangular-shape pes print with two digits forwardly 
oriented and other two laterally, and low heteropody (1:2.5).
Brontopodus birdii Farlow, Pittman, and Hawthorne, 1989 
(Lower Cretaceous, USA) differs from the Las Sereas 7 
tracks mainly in the pes print shape (subtriangular in Bron-
topodus and subrectangular in Las Sereas 7), claw and digit 
impressions (laterally curved in Brontopodus, and forward 
and laterally curved in Las Sereas 7), and in the heteropody 
(high in Brontopodus and low in Las Sereas 7) (Farlow et 
al., 1989, fig. 5).  
Polyonyx gomesi Santos, Moratalla, and Royo-Torres, 
2009 (Middle Jurassic, Portugal) is mainly characterized 
by wide-gauge trackways, pes print with claws I–II with 
forward orientation and III–IV laterally oriented, asym-
metric manus prints with well-developed pollex marks and 
low heteropody (Santos et al., 2009, fig. 5). Polyonyx dif-
fers mainly from Las Sereas 7 tracks in the trackway gauge 
(wide in Polyonyx and intermediate in Las Sereas 7), in the 
size and the position of pes digit I impressions (similar size 
and position in Polyonyx and smaller than digits II and III, 
and more backward than the other digit impressions in Las 
Sereas 7), and in the handprint (with pollex mark in Poly-
onyx and without it in Las Sereas). Despite the above dif-
ferences, the Burgos tracks share characters with those de-
scribed for Polyonyx. The trackway gauge can change along 
the same trackway as the result of changes of direction or 
variations in the consistency of the substrate (Castanera et 
al., 2012). Manus print shape is very variable in the Burgos 
trackways, from oval to kidney shape, due to the pes prints 
overlapping the manus prints, due to the the lack of preser-
vation of the manus morphology due to the substrate or due 
to a more digitigrade impression of the manus (Marty et al., 
2010). In conclusion, we classified the Las Sereas 7 sauropod 
tracks as aff. Polyonyx. 
The Las Sereas 7 trackways differ from other sauropod 
tracks found at the Tithonian-Berriasian interval elsewhere 
in the Iberian Peninsula. In Portugal, some trackways have 
Fig. 5.- Outline drawing of footprints a) LS7A,6p, b) LS7B,5p, c) Poly-
onyx gomesi (redrawn from Santos et al., 2009), d) Brontopodus 
birdii (redrawn from Farlow et al., 1989), e) Breviparopus taghba-
loutensis (redrawn from Ishigaki and Matsumoto, 2009) and f) Para-
brontopodus mcintoshi (redrawn from Lockley et al., 1994a). All are 
right tracks except a) that is left.
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ments (Quijada et al., in press) in the Cameros Basin (e.g. 
Pascual-Arribas et al., 2008; Castanera et al., 2012). 
Marginal areas of shallow carbonate-precipitating la-
custrine or palustrine environments have been proposed as 
propitious places for the formation of ichnological sites 
(Scrivner and Bottjer, 1986). In these shallow lakes, slight 
changes in water level associated with seasonal oscillations 
resulted in exposure or flooding of wide areas. During the 
dry season the lake water would fall to lower levels, expos-
ing wide plains of carbonate mud affected by typical palus-
trine weathering (Platt, 1989; Alonso-Zarza, 2003; Huerta 
and Armenteros, 2005). Substrate conditions allowed the im-
pression and preservation of tracks on these lake margins. At 
Las Sereas, a high ichnodiversity has been described (Torcida 
Fernández-Baldor et al., 2012). The trackmakers would trav-
el through a muddy plain that, in different places and times, 
would have different mud consistency conditions. This has 
been observed in a variety of track shapes within a single 
trackway and in the track depth. At Las Sereas 7, quadruped 
trackways are deeper than biped trackways (Fig. 4).
The differences among the ichnofauna of Las Sereas 7 and 
others tracksites found with similar age in the Iberian Penin-
sula could thus result from temporal and environmental fac-
tors. Las Sereas 7 tracksite includes theropod and intermedi-
ate-gauge sauropod trackways. Hunt and Lucas (2006) stated 
that in Cretaceous outcrops large ornithopod footprints and 
wide-gauge sauropod trackways are abundant. In contrast, in 
the Jurassic narrow-gauge sauropod trackways are common 
and the large ornithopod footprints are scarce. The end of the 
Jurassic (Kimmeridgian-Tithonian) is considered as the tran-
sition from narrow-gauge to wide-gauge sauropods (Lock-
ley et al., 1994c; Wilson and Carrano, 1999). On the other 
hand, Romano et al. (2007) affirmed that the temporal divi-
sion of sauropod gauges is not clear. For example, Moratalla 
(2009) concluded that in the Cameros Basin narrow-gauge 
trackways are dominant for the Tithonian-Berriasian interval, 
wide-gauge trackways occur in the Berriasian and narrow-
gauge trackways are still present and dominate even during 
the Aptian. The absence of ornithopod footprints at Las Sere-
as 7 could conform to the Jurassic ichnofaunal record (sensu 
Hunt and Lucas, 2006). However, as wide-gauge sauropod 
trackways are more common in the Early Cretaceous (Lock-
ley et al., 1994c; Wilson and Carrano, 1999), this tracksite 
in the Tithonian-Berriasian interval may display a mixture 
of Jurassic and Cretaceous ichnotaxa. On the other hand, 
as suggested above, Las Sereas 7 and La Pedraja (Torcida 
Fernández-Baldor et al., 2001) are, in the Iberian Peninsula, 
the unique tracksites of Tithonian-Berriasian lacustrine en-
vironments. In addition, the sauropod tracks of Las Sereas 
differ from others found at the same age and in the same 
region. This suggests that there could be a relationship be-
tween the diversity of Iberian Tithonian-Berriasian interval 
sauropod tracks and their presence in different ecosystems.
The sum of the Las Sereas site data (Torcida Fernández-
Baldor et al., 2001; 2012; this study) suggest that its ichno-
been described in the Lourinhã Formation and the Espichel 
section of Tithonian age (Lockley et al., 1994c; Santos, 
2003; Mateus and Milàn, 2010). In both cases, well-pre-
served footprints are subtriangular in shape and have later-
ally curved digit impressions. Castanera et al. (2010a; 2011) 
described two tracksites in the Villar del Arzobispo Forma-
tion (Maestrazgo Basin, Spain) of the Tithonian-Berriasian 
transition. In Castanera et al. (2010a), the casts of sauro-
pod tracks are composed by triangular footprints with five 
digit marks (I, II and III laterally oriented) and handprints 
with pollex impressions. On the other hand, Castanera et al. 
(2011) analyzed some parallel trackways of small sauropod 
tracks with oval to subtriangular in shape footprints with five 
digit marks and lateral orientation, and with kidney-shaped 
handprints.  Platt and Meyer (1991) and Torcida Fernán-
dez-Baldor et al. (2001) described some poorly preserved 
sauropod tracks at the La Pedraja tracksite in the Rupelo 
Formation (Cameros Basin, Spain) of Tithonian-Berriasian 
age. According to Torcida Fernández-Baldor et al. (2012), 
this tracksite is part of the Las Sereas site, but the tracks are 
different than in the tracksite 7. In Spain, several trackways 
have been found in the Oncala Group of Berriasian in age 
(e.g., Casanovas et al. 1992; 1995a; 1995b. 1995c; Meijide 
et al., 2001; 2004; Pascual-Arribas et al., 2008; Pascual-
Arribas and Hernández-Medrano, 2010; Castanera et al., 
2012). None of them have subrectangular footprints or dig-
its I and II impression forwardly directed.
This study suggests that the sauropod tracks of Las Sereas 
7 classified as aff. Polyonyx are different from all the sauro-
pod tracks found in the Tithonian, at the Tithonian-Berria-
sian transition, and in the Berriasian of the Iberian Penin-
sula, but are similar to Polyonyx gomesi found in the Middle 
Jurassic of Portugal. Santos et al. (2009) suggested that the 
Polyonyx trackmaker could be a turiasaurid. However, the 
small size of the digit I claw and the orientation of digits I 
and II in the Las Sereas 7 sauropod tracks are not described 
in any known sauropod taxa (sensu Wilson and Sereno, 
1998; Wilson, 2002; Upchurch et al., 2004).
5.2. Palaeoecology
Las Sereas 7 and La Pedraja (both part of Las Sereas site) 
are unique tracksites formed in a lacustrine/palustrine envi-
ronment in the Tithonian-Berriasian interval of the Iberian 
Peninsula. In Portugal, some tracksites have been described 
in Tithonian distal alluvial fan deposits with some coastal 
intercalations (Mateus and Milàn, 2010) and in shallow ma-
rine environments (Lockley et al., 1994b; Meyer et al, 1994; 
Santos, 2003). In the Tithonian-Berriasian transition, several 
tracksites have been recorded in the Iberian Range (Spain). 
They formed in transitional, shallow platform to non-marine 
settings (e.g., Pérez-Lorente et al., 1997; Pérez-Lorente and 
Herrero-Gascón, 2007; Santisteban et al., 2009; Cobos et al., 
2010; Castanera et al., 2011). Berriasian tracksites have been 
found in fluvial-deltaic deposits with tidal influence environ-
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ture as limping gaits or laterality (e.g., Dantas et al., 1994; 
Pérez-Lorente, 2003). In this case, although trackway LS7B 
is short, a turning has been identified (see above). The part 
where the trackway turns shows clear differences in the rota-
tion between left and right tracks like in the LS7B (Fig. 2b). 
In short trackways, it is difficult to know whether the studied 
part is straight, or corresponds to a turning trackway of vari-
able amplitude. This is important because changes in direc-
tion produce different values in the step length, the rotation 
of manus and pes for quadrupeds, or trackway gauge (Casa-
novas et al. 1997; Calvo and Mazzetta 2004; González Riga 
and Calvo 2009; Ishigaky and Matsumoto, 2009; Castanera 
et al., 2012) that could be misinterpreted (e.g., limping gaits, 
different trackmakers). For example, Ishigaki and Matsumo-
to (2009) studied a long sauropod trackway with some vari-
able values related to changes in direction. This paper present 
new data from photogrammetric images that allowing turning 
trackways to be characterized. With depth analysis models, 
it is possible to quantify whether there are depth differences 
between right or left steps, which can be used to identify 
which feet exerted more pressure on the substrate during the 
turning. In the shorth trackway LS7B, in which the turning 
is continuously to the right, the right footprints are deeper 
than the left. The differences of depth between right and left 
tracks in the same trackway could help to identify the turning 
in short trackways in which the values of the step length, the 
rotation of manus and pes for quadrupeds, or trackway gauge 
could be misinterpreted them as limping gait or used them 
with ichnotaxonomic/taxonomic sense.
6. Conclusions
The Las Sereas 7 tracksite (Burgos) contains biped and 
quadruped tracks. Biped trackways are not well-preserved 
and they have been classified as indeterminate theropod 
footprints (LS7D and LS7E) and indeterminate tridactyl di-
nosaur footprints (LS7F). The three quadruped trackways 
are intermediate-gauge and have low heteropody. The pes 
prints are rectangular and characterized by having four 
claw marks. Digit I claw mark is the smallest and is more 
backward than the other claw impressions, claws I–II has 
forward orientation and III–IV is laterally oriented. These 
features differ from other known sauropod tracks such as 
Brontopodus, Parabrontopodus, Breviparopus and Polyonyx. 
The most similar ichnotaxon is Polyonyx from the Middle 
Jurassic of Portugal. However, since the Las Sereas 7 track-
ways lack well-preserved manus prints, we classify them as 
aff. Polyonyx.
The ichnodiversity of the Las Sereas site is similar to oth-
ers from the same age composed of sauropod, thyreophoran, 
theropod and probably ornithopod tracks. The Las Sereas 7 
and the La Pedraja tracksites are unique Iberian records from 
a Tithonian-Berriasian carbonate-precipitating lacustrine/
palustrine environment. Sauropod tracks at Las Sereas 7 dif-
fer from others found in the Tithonian-Berriasian interval in 
diversity is composed of sauropod, thyreophoran, theropod, 
and probably ornithopod tracks. This ichnodiversity is con-
sistent with other outcrops in coeval lithostratigraphic units, 
such as the Vega, Tereñes and Lastres Formations (García-
Ramos et al. 2007; Lockley et al., 2008); the Villar del Arzo-
bispo Formation (Pérez-Lorente and Herrero-Gascón, 2009; 
Cobos et al., 2010; Castanera et al. 2010a; 2011; Herrero-
Gascón and Pérez-Lorente, 2012); and the Oncala Group 
in Spain (Castanera et al., 2012; Pascual et al., 2012); the 
Iouaridène Formation in Morocco (Boutakiout et al., 2009; 
Belvedere et al., 2010); the Lourinhã Formation in Portugal 
(Mateus and Milàn, 2008); and the Morrison Formation in the 
United States of America (Lockley and Hunt, 1998; Milàn 
and Chiappe, 2009). 
The high diversity of sauropod tracks in this interval sug-
gests a high diversity of sauropod taxa in the Iberian Pe-
ninsula. Up to day, six sauropod taxa have been described 
associated with coastal environments such as tidal flat, 
fluvial-deltaic plains, and river-floodplain (Lapparent and 
Zbyszewski, 1957; Bonaparte and Mateus, 1999; Casanovas 
et al., 2001; Antunes and Mateus, 2003; Royo Torres et al., 
2006; Barco, 2009) but none associated with lacustrine envi-
ronments. Sauropod tracks at Las Sereas 7 differ from oth-
ers found in the Tithonian-Berriasian interval in Iberia in the 
shape and in the environment where were produced. There-
fore, it is possible that the occurrence of different sauropod 
taxa in various ichnological outcrops and bone-beds could 
be related to the different habitats or ecosystems and sedi-
mentary environments in which the dinosaurs lived. 
5.3. Behaviour
The biped trackways LS7D and LS7E and some isolated 
footprints have the same orientation in the direction of pro-
gression (W-E). The sauropod trackway LS7B and the biped 
trackway LS7F have similar orientation as well (S-N). On the 
other hand, the sauropod trackway LS7A heads NE-SW and 
LS7C is going SE-NW. Biped trackmakers passed before the 
quadrupeds because in the area where there are more sauro-
pod tracks, bipeds (e.g., trackway LS7D) disappear. With re-
spect to sauropod trackways, the trackmakers likely passed in 
the following sequence: first LS7B, then LS7A that overlap 
in at least two footprints of the latest trackway, and finally 
LS7C that removed some tracks of LS7A.
Sauropod trackways at Las Sereas 7 show similar morpho-
logic features, as described above, but the size of LS7C is 
somewhat smaller. We suggest that these trackways were 
made by individuals of the same taxon, and that the differ-
ent size reflects differences in trackmaker age and/or sex. 
From all of these data, it is inferred that there is no evi-
dence of herding behavior or interaction among trackmakers 
of the same or different taxa. 
At tracksite LS7B, differences in length rotation, depth 
and stride length between right and left steps have been de-
scribed. These features have been interpreted in the litera-
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In this interval, the high diversity of sauropod tracks in 
the Iberian Peninsula could correspond to a varied sauropod 
fauna adapted to different ecosystems and ecological niches. 
The trackmakers of the sauropod trackways would pertain 
to the same taxon as they passed in different directions and 
moments, without showing evidence of gregarious behav-
ior. In two of the trackways, changes in travel direction due 
to variations in the step length values and in the rotation be-
tween left and right steps can be inferred. Photogrammetric 
models reveal depth variations between left and right foot-
prints, interpreted as resulting from changes in direction. This 
observation may help to identify this behavior in short track-
ways that could be misinterpreted as limping or some other 
unusual gait.
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